Introduction: One of the global concerns is the increasing trend toward antimicrobial resistance and the consequent lack of efficient antimicrobials. Nosocomial infections present a big threat for patients all over the world and treatment with broad-spectrum antibiotics leads to outgrowth of hospital-associated resistant Enterococci clones that are very important in bloodstream infections. We surveyed the frequency and time trend of antibiotic resistance in Enterococci blood isolates from hospitalized patients in different regions of the world. was searched systematically using Medline (via PubMed), Embase, and Cochrane Library and all original publications on the antibiotic resistance prevalence in blood-isolated Enterococci strains with standard laboratory tests were included. Quality of the included studies was assessed with the modified Critical Appraisal Checklist recommended by the Joanna Briggs Institute. Depending on the heterogeneity test, we used either random or fixed effect models to assess the appropriateness of the pooled prevalence of drug resistance. Results: A total of 291 studies were enrolled in the meta-analysis. Between all antibiotics, based on the WHO original offices, American countries showed the lowest prevalence of resistance for linezolid in Enterococcus faecalis. Regarding the prevalence of vancomycin resistance, Western Pacific, European, and American countries had the lowest level of resistance and South-East Asia and Eastern Mediterranean countries showed the highest level of resistance. Moreover, our findings for Enterococcus faecium indicated that America and South-East Asia had the lowest and the highest levels of resistance for linezolid, respectively. Conclusion: Based on our findings, the prevalence of vancomycin-resistant E. faecium in bloodstream infections is significantly high, especially in Eastern Mediterranean countries, which is a massive warning signal for resistance to this broad-spectrum antibiotic. Therefore, the establishment of appropriate antibiotic usage guidelines should be essential in these countries.
Introduction
One of the global concerns is the increasing trend toward antimicrobial resistance and the consequent lack of efficient antimicrobials. 1 Enhanced resistance to antimicrobials is a true menace to communal health, and realization of the systematic origin of antimicrobial resistance is important to cope with this public health menace. 2 Also, antibiotic-resistant infections cause more morbidity and mortality and are associated with more health-care expenses. 3 On the other hand, the availability of second-line antibiotics in developing countries diminishes the usage of next-generation antibiotics and causes more morbidity and mortality after antibiotic-resistant infections. 4 Hospital-acquired infections emerging at least 48-72 h after admission of the patient are named nosocomial infections (NIs) and present a big threat for patients all over the world. 5, 6 Three kinds of infections that cause more than 60% of NIs are urinary tract infections, pneumonia, and primary bloodstream infections (BSIs), that are usually associated with using medical devices such as ventilators and catheters. 7 Among the pathophysiological mechanisms that contribute to the emerging NIs, bacterial colonization and immunodeficiency are the main culprits. 5 Enterococci are normal flora of the gastrointestinal tract. When a hospitalized patient is treated with broadspectrum antibiotics, Enterococci are eliminated which leads to a decrease in the thickness of the protective gastrointestinal mucus layer. This enables unusual outgrowth of hospital-associated Enterococcal clones which are resistant to antibiotics. [8] [9] [10] [11] [12] Enterococcus species have a broad range of resistance genes, and are able to exchange the resistance genes. 13 Enterococci are the third common cause of NIs and health-care-associated BSIs [14] [15] [16] and have been estimated to be responsible for 25-50% of the mortality rate among hospitalized patients. [17] [18] [19] [20] [21] [22] Also, simultaneous multiple resistance mechanisms lead to the emergence of multiresistant or pan-resistant Enterococci that do not respond to the common first-line antibiotics, leading to amplified morbidity and mortality rates and eventually more financial burdens on hospitals and patients. 23 Among Enterococcus species, two major species (Enterococcus faecalisand Enterococcus faecium) are particularly pathogenic for humans: 85-90% of Enterococci infections are caused by E. faecalis, whereas 5-10% are caused by E. faecium; 24 however, E. faecium BSI has higher rates of antibiotic resistance and mortality than E. faecalis BSI. 25, 26 Some of the important hospitalized infections which are life-threatening are BSIs because of vancomycin-resistant Enterococcal (VRE) species. 16, [27] [28] [29] In laboratory animals such as mice, the usage of antibiotics including cefoxitin, ceftriaxone, ampicillin, and vancomycin causes outgrowth of drug-resistant E. faecium isolates. 30 Moreover, E. faecium is one of the ESKAPE pathogens (E. faecium, Staphylococcus aureus, Klebsiella pneumoniae, Acinetobacter baumannii, Pseudomonas aeruginosa, and Enterobacterspecies) and along with E. faecalisis responsible for the most Enterococcus infections. 13 It is worth mentioning that pathogenic E. faecalis strains can produce cytolysin, which exacerbates the toxicity caused by the infections and leads to a fivefold extreme threat of death in nosocomial bacteremia. [31] [32] [33] According to our systematic review, there is no comprehensive study regard antibiotic resistance in isolated Enterococci. There are some review articles with limited data on the domain of special countries or exclusive to special antibiotics, such as vancomycin, linezolid, and tigecycline. [34] [35] [36] [37] [38] The goal of this systematic review is to survey the frequency of antibiotic resistance to some common antibiotics in Enterococci isolated from blood isolates of hospitalized patients worldwide. Consequently, these data could be helpful in tackling drug resistance problems and illuminating the best antibiotic options that are effective for the treatment of the infections caused by Enterococci.
Methods

Sources of information and search strategies
From January 1, 2000 to May 20, 2018, two reviewers (SMJS and AP) searched systematically all publications including antibiotic resistance in Enterococci isolated from NIs via Medline (via PubMed), Embase, and Cochrane Library independently with the MeSH terms "Enterococcus faecalis", "Enterococcus faecium", "drug resistance", "sepsis", and "antimicrobial resistance". MeSH terms were combined with text word searches that included "E. faecium", "E. faecalis", "septicemia", "bloodstream", "antibiotic(s)", and their synonyms. In addition, we searched related reviews and selected articles, citation lists (backward citation), and references (forward citation) by hand and corresponded with authors (recommended by the Cochrane guideline). 39 We did not contact the expert authors regarding previous experiences. 40, 41 We conducted our study according to the systematic review of prevalence PRISMA guidelines. 42 
Eligibility
Inclusion criteria
All original cross-sectional articles published in English and other languages, without language restriction, on different antibiotic resistance prevalence in blood-isolated Enterococci strains with standard laboratory tests were included for further analysis. All strains were isolated from hospitalized patients. We found studies in languages other than English that were translated using Google Translate (http://translate.google.com). Standard laboratory tests for determination of E. faecium and E. faecalis drug resistance included phenotypical microbiological methods such as the disk diffusion method, minimum inhibitory concentration, VITEK 2 system (bioMérieux), plate/replicator method, Isosensi test agar (Oxoid), and Trek Diagnostic Systems Inc. (Westlake, OH, USA). Additionally, molecular methods such as PCR, real-time PCR, PCR-restriction fragment length polymorphism, and sequencing assays had been used as the detection method in some studies.
Exclusion criteria
Articles were excluded from review for any of the following reasons: 
Data extraction and data collection
Data were extracted by two reviewers (SMJS and AP) independently and results were checked by a third reviewer (AH). Contradictions among the investigators were discussed to obtain agreement. The following data were extracted: name of first author, publication time, sample size, time and location of the study, type of participants, numbers of E. faecium and E. faecalis culture-positive isolates, and number of resistance E. faecium and E. faecalis isolated for each of the antibiotics. Studies identified by the search strategy were reviewed for eligibility based on the title and abstract by two investigators (SMJS and AP). Full manuscripts of the papers kept based on the title and abstract were assessed by the same investigator. Studies identified by the search strategy were reviewed for eligibility based on the title and abstract by one investigator (SMJS). Full manuscripts of the papers were kept based on the title and abstract and were further assessed by the same investigator. For both steps, a 10% random sample was assessed by a second investigator and was compared to the assessment of the first reviewer (AP). Extracted data were further reviewed and inconsistencies in the assessments discussed, and disagreements were resolved by consensus.
Quality assessment
Quality assessment of studies was performed by two reviewers independently according to the modified Critical Appraisal Checklist recommended by the Joanna Briggs Institute, 43 and disagreements were resolved by consensus. The checklist is composed of 9 questions that reviewers addressed for each study. The "Yes" answer for each question received a score of 1. Thus, final scores for each study could range from 0 to 9 (Table S1 ).
Meta-analysis approach
Cleaning data and preparing them for analysis were done in Microsoft Excel 2010 (Microsoft Corporation, Redmond, WA, USA) and further analyses were carried out via Comprehensive Meta-Analysis Software Version 2.0 (Biostat, Englewood, NJ, USA). Determination of heterogeneity among the studies was undertaken using the chi-squared test (Cochran's Q) to assess the appropriateness of pooling data. Depending on the heterogeneity test, we used either random or fixed effect models for pooled prevalence of drug resistance. In the case of high heterogeneities (I 2 >50%), a random effect model (heterogeneity) was applied, while in low heterogeneities (I 2 <50%) a random effect model was used. 44 The pooled resistance prevalence of each antibiotic was calculated. We also used the Begg's and Egger's test based on the symmetry assumption described for publication bias. The point estimates of the effect size and the resistance prevalence of each antibiotic, along with its 95% CI, were estimated for each study. Complementary analyses such as time trend, continent, and subgroup pooled prevalence were generated for countries and WHO regional offices.
Result
Study selection
We retrieved about 24,862 studies in a systematic search and excluded 1016 after the first screening. Finally, 291 studies were included in the meta-analysis ( Figure 1 ). Characteristics of the selected articles are summarized in Case report and review studies, n=12 There were no differences in resistance between studies that did report the use of antimicrobial sensitivity test with different guidelines and those that did not.
The prevalence of antibiotic resistance in blood isolates of E. faecalis
Of the 291 included studies, 125 studies reported the prevalence of E. faecalis antibiotic resistance in blood isolates. The total pooled number of E. faecalis blood isolates was 24,913. Linezolid had the lowest prevalence rate at 0.6% (95% CI: 0.3-15) while quinupristin/dalfopristin had the highest rate at 97% (95% CI: 89-99.2) ( Table 1) . Out of the six WHO original offices, America had the lowest prevalence of antibiotic resistance at 0.3% (95% CI: 0.2-0.6) for linezolid ( Table 2) . Table 3 shows the pooled prevalence of the most important antibiotic resistance of blood-isolated E. faecalis from 2000-2016. Most of the antibiotics were subject to increased drug resistance of up to more than twofold. Figure 2 demonstrates the time trend of E. faecalis vancomycin resistance prevalence by WHO regional offices. American, European, and Western Pacific countries showed the lowest level of vancomycin resistance with totally decreasing resistance prevalence in this period of time. However, South-East Asia and Eastern Mediterranean countries showed the highest level of vancomycin resistance with an increasing trend in resistance prevalence at the same time. Figure 3 presents the pooled prevalence of E. faecalis vancomycin resistance by country. Sweden had the lowest prevalence at 0.2%, while Japan and Nepal had the highest prevalence at 18% and 11%, respectively.
The prevalence of antibiotic resistance in blood isolates of E. faecium
Of the 291 included studies, 114 studies reported the prevalence of E. faecium antibiotic resistance in blood isolates. The total pooled number of E. faecium blood isolates was 13,238. Tigecycline and linezolid had the lowest prevalence at 1% (95% CI: 0.2-4.5) and 1.7% (95% CI: 1-2.8), respectively; while penicillin had the highest prevalence of 85% (95% CI: 81-89) ( Table 1) .
Of the WHO original offices, America had the lowest prevalence of antibiotic resistance at 0.8% (95% CI: 0.4-2) for linezolid (Table 2) . Table 3 describes the pooled prevalence of the most important antibiotic-resistant bloodisolated E. faecium from 2000-2016. Most of the antibiotics were subject to increased drug resistance of up to more than twofold, in particular vancomycin, whose time trend of resistance in E. faecium by WHO regional offices is described in Figure 4 . Figure 5 shows the pooled prevalence of E. faecium vancomycin resistance by country. The Netherlands had the lowest prevalence at 0.1%, while Brazil had the highest prevalence at 67%. Table S2 -S43 demonstrate the prevalence of drug resistance in E. faecalis and E. faecium for each antibiotic with more detail.
Discussion
This study illuminates the high rate of antibiotic resistance in Enterococcal bloodstream isolates in most regions of the world, especially in Eastern Mediterranean countries. Based on our findings, the prevalence of vancomycinresistant E. faecium in BSIs is significantly high, especially in Eastern Mediterranean countries, which is an outstanding warning in treatment and control of this bacterium. Our findings, summarized in Table 1 , revealed that the resistance level to the most common treatments was significantly higher in E. faecium compared to E. faecalis in Enterococcal infections. Inherently, the antibiotic resistance rate in E. faecium is higher than in E. faecalis; specifically, high levels of resistance in E. faecium pathogenic types to ampicillin, vancomycin, and high-level aminoglycosides are documented. Therefore, treatment of the infections caused by these species is considered a serious problem that requires more precise treatment strategies. Quinupristin/dalfopristin combination is a member of streptogramin antibiotics that is broadly effective against VRE in Europe and the USA. 45 Based on this study the pooled prevalence of resistance to quinupristin/ dalfopristin was significantly higher in E. faecalis, which is in concord with previous publication results. 46 We observed that resistance to linezolid, daptomycin, and tigecycline was nearly at the same level for E. faecalis and E. faecium (pooled prevalence ≤1%), confirming that tigecycline and linezolid are effective against these species in low concentrations. 47 Moreover, in our review, the lowest resistance in E. faecalis appeared to be to nitrofurantoin, amoxicillin/clavulanic acid, ampicillin, and imipenem which are critical in the treatment process.
Out of the six WHO original offices, America had the lowest prevalence of antibiotic resistance at 0.3% (95% CI: 0.2-0.6) for linezolid.
Based on our findings in America, in comparison with African countries, the least resistance to linezolid and gentamicin was seen in E. faecium and E. faecalis, 
DovePress
indicating good therapeutic methods in America. Therefore, linezolid is highly effective against VRE and recommended for the infections caused by VRE. 48, 49 Moreover, vancomycin is useful for the treatment of VRE bacteremia in mice. 50 However, due to linezolid's bacteriostatic activity, there are some limitations in its prescription. 51 Based on our review, the highest level of vancomycin resistance was observed in the Eastern Mediterranean region. This is in the main due to poor hygiene, defective health control management, insufficient control, and scarcity of antimicrobial stewardship programs in this region. 52, 53 However, in South-East Asian countries, the highest resistance was found in E. faecium isolates to linezolid. As these countries are the major importer of chickens and livestock, 54 the excessive use of antibiotics in these products would result in the spread of multipledrug-resistant Enterococci, which would get transmitted to humans through consumption of these products in these countries. 55 An increasing trend of vancomycin-resistant E. faecium was seen in most regions except in America. However, the trend is different for vancomycin-resistant E. faecalis and it was noticed to be increasing only in the Eastern Mediterranean (Figures 1 and 2 ). There are many reasons which lead to this trend in developing countries, such as poor antibiotic usage strategies,and inappropriate usage of antibiotics especially vancomycin in the treatment of Enterococcal infections.
Based on our study, resistance to tetracycline in E. faecalis was at the highest level. However, tetracycline is not the first-choice drug for the treatment of Enterococcal infections, it is a broad-spectrum antibiotic that can cause resistance in Enterococci during the treatment of other infections. 56 Therefore, broad-spectrum antibiotics such as tetracycline are not recommended for treatment of Enterococcal infections.
On the other side, in African countries the highest resistance was found to ampicillin in E. faecium, whereas the highest resistance was observed to linezolid and gentamicin in E. faecalis isolates. In addition, the lowest resistance rates were detected in E. faecalis to ampicillin, and in E. faecium to both vancomycin and teicoplanin. The scarcity and extra expense of wide-spectrum antibiotics such as vancomycin led to higher prescriptions of narrow-spectrum antibiotics and thus an increased resistance to those antibiotics in this region. 57 For lots of antibiotics examined in our review study, the prevalence of resistance increased around the world from 2010 to 2016 in most regions. Therefore, the establishment of appropriate antibiotic usage guidelines should be essential in these countries. In contrast, decreased resistance was seen in E. faecium and E. faecalis to gentamicin and ampicillin, respectively (Table 3) . Probably, inappropriate consumption/prescription of antibiotics by patients/physicians and also in industries is the most important reason for increasing antibiotic resistance in Eastern Mediterranean countries. Instead, antibiotic access is restricted in other regions.
Some limitations can be introduced by the literature search procedure and we might have missed some relevant studies. Furthermore, we have excluded articles in which the total number of Enterococci was not specified. Year Figure 2 Time trend meta-analysis: prevalence of vancomycin resistance in blood-isolated Enterococcus faecalis by WHO regional offices.
Prevalence of >15 10-15 5-10 1-5 0.5-1 ≤0.5
vancomycin resistance E. faecalis (%) Figure 3 Global prevalence of vancomycin resistance in blood-isolated Enterococcus faecalis. DovePress main strength of our study that distinguishes it from previous studies is investigating the prevalence of antibiotic resistance in two common strains of Enterococci that were isolated from blood samples in different parts of the world during 18 years. Spit meta-regression, subgroup, meta-regression, and sensitivity analyses to detect the sources of heterogeneity, and publication bias and heterogeneity should be considered when interpreting the outcomes of the reports.
Conclusion
Rates of resistance in South-East Asia and Eastern Mediterranean countries were at the highest level, especially for vancomycin and quinupristin/dalfopristin. There Year Figure 4 Time trend meta-analysis: prevalence of vancomycin resistance in blood-isolated Enterococcus faecium by WHO regional offices. were increasing trends of antibiotic resistance in blood isolates of Enterococcus up to more than twice from 2000 to 2018. Therefore, the establishment of appropriate antibiotic usage guidelines should be essential in these countries.
Prevalence
